Abstract-In this paper a new technique for determining surface impedance is developed. The technique is derived from an eddy current modelling technique, the impedance method. Considerable extension and development of the impedance method has been undertaken, enabling the prediction of surface impedance measurements for horizontally stratified media and in the vicinity of vertical dislocations. The method is compared with surface impedance theory for horizohtally stratified media and with field based results near laterally discontinuous structures.
INTRODUCTION
Surface impedance measurements are used in geophysical surveying for the determination of sub-surface features. Surface impedance theory allows the determination of subsurface structure from these measurements and has been used to deduce material thickness and conductivity in ice covered regions [1] [2] and in the mineral exploration industry for lateral anomaly location (eg. faults, dykes, ore boundaries) [ 31. The existing theory does not adequately explain the rapid changes caused by complex earth structures.
An examination of surface impedance data has revealed that the primary component of the excursions near anomalies was primarily from the electric field component produced by telluric eddy currents. These currents are cited as being induced by the sub-surface magnetic field [4] and hence eddy current modelling may predict the anomalous behaviour.
Three dimensional impedance methods have been used to model eddy currents induced in heterogeneous human models by a time varying quasi-static magnetic field [5] [6] . These methods use regular mesh elements to model well bounded regions for eddy currents. The methods have been extended previously by the author to model partially unbounded structures using irregular mesh elements and spatially variable fields [7] . In this paper, these concepts are extended to surface impedance calculations, with numerical results compared with experimental measurements. 
SURFACE IMPEDANCE THEORY
A vertically polarised radio wave incident upon the surface of the earth induces a horizontal electric field component Ex directed in the plane of incidence (Fig. 1) . For a uniform half space, the ratio of this field component to the magnetic field component H y perpendicular to the plane of incidence is called the surface impedance 2,. The surface impedance is dependent on the electrical properties of the half space and is given by (1).
where o is the conductivity, E is the relative permittivity and o is the angular frequency. If the earth is horizontally layered, then 2, for the upper layer (assuming an infinite half space) is modified as [ 81.
2, +Z,tanh(u,h)
where uI is the complex propagation co-efficient yo is the free space propagation co-efficient y1 is the propagation co-efficient in the first layer 41 is the angle of incidence, and h is the depth of the upper layer This section reviews the basic impedance method theory, boundary conditions, using propagating waves as the source and the derivation of surface impedance from the eddy current solutions. A conducting copper sheet is modelled with 18 x 18 cells and produces a well known circulating current about the centre point (Fig. 3) .
A. Basic Theory
The region of interest to be modelled is discretised into a B. BoundaCY Extensions mesh of impedance elements. Each enclosed area forms a cell through which an applied flux induces cell current Ici (Fig. 2) . The method has been extended to enable the modelling of small regions of interest within boundaries extending to The impedance of each element Z is determined by its length infinity and to encompass spatially variable magnetic field L, area A, and material properties (0, E).
source problems by application of the Neumann boundary condition [7] . This allows the modelling of infinite half space problems where the field source is attenuated by the media. A uniform material has the magnetic field exponentially attenuated as Z increases ( 2 .
An extension upon this method enables the calculation of a The electric field component E, is determined from the complex magnetic field as it propagates through a sub-surface induced potential that is calculated from the spatial using the usual equations for plane wave dielectric materials differential of the solved cell currents ie. (Fig. 5(a) ). For a multilayer sub-surface reflected and n (10)
transmitted components need to be calculated (Fig. 5(b) ).
By solving a one dimesional model for a single layer sub-' surface, the induced currents can be examined (see Fig. 6 ) as a 
REFERENCES

A. Field Validation
By applying a source magnetic field to an infinite half-space the E field can be computed using the impedance method. The 1-D model is expanded to 2-D to enable the generation of theoretical surface impedance. In particular the behaviour of previously reported surface impedance anomalies near vertical dislocations is modelled and compared with field results [2] . A surface impedance traverse was conducted across a lm x lm air-gap (formed by summer melt streams) located near the top of a uniform ice sub-surface in the Antarctic. It was simulated using a 32 x 20 cell impedance method model. The results are compared in Fig. 9 .
V. CONCLUSIONS
The impedance method enables the forward modelling of surface impedance profiles that satisfies both surface impedance theory for horizontally layered sub-surfaces and in the vicinity of sub-surface abnormalities.
